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Abstract 

Background: To observe the influence of combination treatment with glibenclamide and CoCI 2 on the growth and 
invasiveness of TA2 breast cancer, and to detect the protein and mRNA expression of MMP9. 

Methods: 50 adult female TA2 mice were randomly divided into 5 groups including DMSO control, CoCI 2; 
glibenclamide, CoCI 2 + glibenclamide and paclitaxel. All of these mice were inoculated with TA2 spontaneous 
breast cancer cells in the left groin. Nine days after inoculation the tumor could be palpated. Different treatments 
for each group were then subcutaneously administered near the tumors on the 9th and 14th days after injection. 
Tumor size was measured to determine the growth curve. All mice were sacrificed on the 18th day after initial 
inoculation and tumor tissues were collected. Some fresh tissues without necrosis were stored at -80°C for mRNA 
detection and the other tumor tissue was fixed with 10% formalin for H&E and immunohistochemical staining. 

Results: The growth rate of tumor cells in the CoCI 2 + glibenclamide group was lower than that seen in the other 
groups. On the 14th day, the average volume of tumor in the CoCI 2 + glibenclamide group was the lowest and the 
difference has statistical significance (P<0.05), while the differences among the CoCI 2 , glibenclamide and paclitaxel 
had no statistical significance. The mean percentage of cells expressing MMP9 and PCNA was the lowest in the 
CoCI 2 + glibenclamide group (P<0.05). MMP9 mRNA expression paralleled MMP9 protein expression in these 
groups (P<0.05). 

Conclusions: Combined treatment with glibenclamide and CoCI 2 inhibits TA2 spontaneous breast cancer growth 
and invasiveness with effects similar to paclitaxel. 
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Background 

Surgery accompanied with radiotherapy and chemother- 
apy is the most successful treatment strategy for breast 
cancer. However, 40% of patients die of advanced breast 
cancer recurrence and metastasis [1]. TA2 mouse strains 
were bred by the Animal Center of Tianjin Medical Uni- 
versity twenty years ago. TA2 mice have a high incidence 
of spontaneous breast cancer without chemical stimulus. 
The morbidity of breast cancer in multiparous TA2 mice 
reaches 84.1% and the average time it takes for tumor ini- 
tiation and development is 280 days [2], TA2 spontaneous 
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breast cancer tumor cells show high metastatic ability and 
the rate of lung metastasis reaches more than 80% [2]. 
When injecting TA2 breast cancer tumor cells into nor- 
mal TA2 mice, 1 x 10 5 cells for each mouse can form a 
palpable tumor 9 days after injection. 

Matrix metalloproteinase (MMPs) are very important 
in the processes of tumor invasion and metastasis 
through their degradation of the extracellular matrix 
(ECM) [3,4], There are many members of the MMP 
family. MMPs play an important role in the tissue re- 
modeling associated with various physiological and 
pathological processes such as morphogenesis, angiogen- 
esis, tissue repair and metastasis. MMP2 and MMP9 are 
thought to be important in metastasis [5]. Previous 
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studies in our lab have confirmed that there is high 
MMP9 expression in TA2 spontaneous breast cancer. 

During tumor development, nutrients and oxygen are 
important for the tumor cells. Hypoxia is known to play 
an important role in tumor growth and progression. 
Cells undergo a variety of biological responses when 
placed in hypoxic conditions and cancer cells have 
adapted to the hypoxic microenvironment [6]. Tumor 
hypoxia is associated with poor prognosis and resistance 
to radiation therapy [7]. Cobalt chloride (CoCl 2 ) has 
been widely used to mimic hypoxia in cell culture, and it 
is known to activate signaling by stabilizing the hypoxia- 
inducible transcription factor la (HIFla) [8,9]. Cobalt 
chloride (CoCl2) has been widely used as a hypoxia 
mimic to treat aplastic anemia and renal anemia and in- 
duce fibroblasts and epithelial cancer cells to generate 
their own red blood cells. Glibenclamide is an antidiabetic 
drug in a class of medications known as sulfonylureas. 
Glibenclamide treatment results in increased intracellular 
calcium in beta cells and stimulated insulin release and 
subsequent decrease in blood glucose level by inhibiting 
the sulfonylurea receptor 1, the regulatory subunit of the 
ATP-sensitive potassium channels in pancreatic beta cells 
[10]. Research shows that glibenclamide improves out- 
come in animal stroke models by preventing brain swell- 
ing and enhancing neuroprotection [11]. A retrospective 
study showed that glibenclamide has been used in the 
treatment of type 2 diabetes [12]. Paclitaxel is a first-line 
chemotherapeutic agent that exerts its effect in the treat- 
ment of epithelial ovarian cancer by stabilizing microtu- 
bules, inducing cell cycle arrest in the G2-M phase [13], 
and activating proapoptotic signaling [14,15]. Here, CoCl 2 
and glibenclamide were used together to inhibit the oxy- 
gen and nutrition supply of TA2 breast cancer cells in 
order to study their combined effects on tumor growth 
and invasiveness. 

Methods 

Drugs and animals 

CoCl 2 , Glibenclamide and paclitaxel were purchased from 
Sigma. CoCl 2 was dissolved in ddH 2 0; Glibenclamide and 
paclitaxel were dissolved in DMSO. TA2 inbred animals 
that were clean, white, and 6-8 weeks old were obtained 
from the Animal Centre of Tianjin Medical University. 
These mice were bred under SPF. This study was ap- 
proved by the Animal Welfare Committee of Tianjin 
Medical University. 

Drug experiments in TA2 mice 

Fifty TA2 were randomly divided into five groups in- 
cluding DMSO control, CoCl 2 , glibenclamide, CoCl 2 + 
glibenclamide and paclitaxel with 10 mice for each 
group. All mice were injected with 1 x 10 5 TA2 spontan- 
eous breast cancer cells into the lower left groin. Nine 



days after injection, tumor mass was palpable in the 
groin of all mice. On the 9th and 14th days after injec- 
tion, DMSO (0.2 ml), CoCl 2 (0.2 ml, 7.76 mg/ml), 
glibenclamide (0.2 ml, 1.25 mg/ml), CoCl 2 (0.2 ml, 
7.76 mg/ml) + glibenclamide (0.2 ml, 1.25 mg/ml) and 
paclitaxel (0.2 ml, 1 |iM) were administered subcutane- 
ously to the mice in different groups. The length and 
width of the tumors were measured using a caliper every 
other day. The tumor size was calculated according to 
the following formula: Tumor volume (mm 3 ) = (length x 
width 2 ) 12. Tumor growth curves were drawn based on 
tumor size. All TA2 mice were sacrificed on the 18th 
day after injection of the cells and the tumor masses 
were removed. Parts of the tumor without necrosis were 
collected and stored at -80°C and the remainder of the 
tumors were fixed with 10% formalin and embedded in 
paraffin for H&E and immunohistochemical staining. 

Immunohistochemical staining 

Four um thick paraffin-embedded tissue sections were 
cut and stained immunohistochemically. The sections 
were deparaffinized with xylene and rehydraded through 
graded alcohols. Endogenous peroxidase was blocked 
with 3% hydrogen peroxide in 50% methanol at room 
temperature for 10 min. The primary antibodies were di- 
luted to 1:100. The tissue sections were heated in a 
microwave oven in citrate buffer for about 20 min. The 
slides were incubated with primary antibodies MMP9 
(goat polyclonal, Santa Cruz, sc-6840,l:100) and PCNA 
(goat polyclonal, Santa Cruz, sc-9857, 1:100) overnight at 
4°C, washed with PBS, and incubated with the biotinylated 
secondary antibody and preformed avidin-biotinylated per- 
oxidase complex. The color was developed with DAB. 
Finally, all of the sections were counterstained with 
hematoxylin. Human breast cancer was used as a positive 
control and PBS was used in place of primary antibody to 
serve as a negative control. 

Real-time PCR to detect MMP9 mRNA expression levels 

Total RNA from the fresh TA2 tumor samples was 
extracted with Trizol reagent according to the manufac- 
turer s instructions. The integrity and purity of isolated 
RNA were confirmed with 1% agarose gel electrophor- 
esis and OD260/OD280 ratio. Complementary DNA 
(cDNA) was synthesized and amplified from total RNA 
using the Access real time PCR system (TaKaRa One 
Step RNA PCR Kit). The primer sequences used in the 
reaction are listed in Additional file 1: Table SI. The re- 
sultant cDNA products of MMP9 and p-actin were 86 
and 174 base pairs, respectively. The products of RT 
PCR were purified with TaKaRa Agarose Gel DNA Puri- 
fication Kit Ver.2.0. Real time PCR products were ana- 
lyzed with the Gene AMP PCR System 5700 Sequence 
Detector. The size of the real-time PCR products was 
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validated with 1.5% agarose gel electrophoresis. The CT 
value (the cycle number at which the fluorescence 
crosses the threshold) was determined and the formula 
2 A (-AACT) was used to determine the relative quantity 
of the amplified fragment, where AACT = ACT mmp9- 
ACT |3_ actin was defined as the relative quantity of the 
amplified fragment. Every sample was tested in triplicate 
and the mean value was used. 

Immunohistochemical staining to determine the mean 
percentage of cells positively stained for MMP9 and 
PCNA 

When stained for MMP9 and PCNA, tumor cells with 
brown cytoplasm were considered positive. We observed 
10 fields per section at 400 x magnification, and the 
mean percentage of positively stained cells was used to 
determine the expression of the proteins in a section. All 
counts were performed blindly for at least 3 randomly 
chosen sections from each mouse. 

Statistical analysis 

Statistical software SPSS 10.0 (Chicago, Illinois) was 
used in the analysis. A P value less than 0.05 was consid- 
ered statistically significant. Differences among groups 
were assessed using the ANOVA test, and the LSD test 
was used to compare the differences in MMP-9 (protein 
and mRNA) and PCNA expression among the different 
groups. 

Results 

Combined CoCI 2 and glibenclamide treatment influences 
tumor growth in TA2 mice inoculated with breast cancer 
cells 

The average growth rate of tumor in the mice that re- 
ceived combined treatment with CoCl 2 + glibenclamide 
was obviously inhibited compared to the other groups 
according to the average tumor size that was measured 
every other day (Figure 1). All the mice were sacrificed 
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Figure 1 The growth curve of injected TA2 breast cancer cells 
in the control and treatment groups. 



18 days after the initial inoculation and the tumors were 
removed. The average tumor volume in the CoCl 2 + 
glibenclamide group was significantly reduced when 
compared with the other groups (Figure 1), and the dif- 
ferences among these groups had statistical significance 
(F = 489.5^ = 0.0098). 

Morphologic tumor changes in the treatment and control 
groups 

Immediately following sacrifice, breast cancer tissue 
samples were carefully collected. In the DMSO group, 
tumor cells invaded the surrounding normal tissue. As 
shown in Figure 2A, there were large areas of necrosis 
in tumor tissues from the paclitaxel and CoCl 2 + 
glibenclamide groups, while a small amount of necrosis 
was observed in the DMSO (Figure 2A-a), CoCl 2 (Black 
arrow heads, Figure 2A-b) and glibenclamide groups 
(Black arrow heads, Figure 2A-c). Moreover, numerous 
tumor cells in the CoCl 2 + glibenclamide group displayed 
cell degeneration as suggested by the presence of vacuoles 
within the cytoplasm (Black arrow heads, Figure 2 A -d). 

MMP9 and PCNA protein expression in tumor cells in the 
control and treatment groups 

Both the treatment group and the control group 
contained tumor cells that stained positively for MMP9 
and PCNA. MMP9 protein expression was detected 
mainly in the cytoplasm of tumor cells while PCNA pro- 
tein expression was seen in the nucleus. PCNA expres- 
sion occurred in the nuclei of cells during the DNA 
synthesis phase of the cell cycle and provides an import- 
ant marker indicating tumor proliferation. The tumor 
cells that positively stained for MMP9 were mainly dis- 
tributed at the edge of normal tissue, especially in the 
area between tumor tissue and skeletal muscle. In the 
center of the tumor mass, the percentage of positively 
stained cells was low. Immunohistochemical results 
showed statistically significant differences for mean per- 
centage of MMP9 positively stained cells among the 
treatment groups (P = 0.00687, Figure 2B -a to -e). The 
CoCl 2 + glibenclamide group had the lowest MMP9 ex- 
pression. Results of immunohistochemical staining for 
PCNA showed that combined treatment with CoCl 2 + 
glibenclamide inhibits tumor growth by decreasing 
tumor cell duplication, suggested by the mean percent- 
age of positively stained cells that only reached 52.89% 
(Figure 2B -f to -j). The differences seen in the percent- 
age of cells expressing PCNA among the treatment 
groups had statistical significance (P = 0.0348) (Table 1). 
The results of immnohistochemical staining show that 
combined treatment with CoCl 2 + glibenclamide down- 
regulates MMP-9 and PCNA expression and inhibits 
tumor growth and invasiveness. 
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Figure 2 The differences of morphology, MMP9 and PCNA expression of TA2 breast cancer between the control and treatment 
groups. A. The morphologic characteristics of TA2 breast cancer in the control and treatment groups (HE staining, x200). a. DMSO group, b. 
CoCI 2 group, c. Glibenclamide group, d. CoCI 2 + glibenclamide group, e. Paclitaxel group. B. Immunohistochemical staining for MMP9 and PCNA 
in the control and treatment groups (immunohistochemical staining, x200). a. MMP9 staining of DMSO group, b. MMP9 staining of CoCI 2 group, 
c. MMP9 staining of Glibenclamide group, d. MMP9 staining of CoCI 2 + glibenclamide group, e. MMP9 staining of paclitaxel group, f. PCNA 
staining of DMSO group, g. PCNA staining of CoCI 2 group, h. PCNA staining of Glibenclamide group, i. PCNA staining of CoCI 2 + glibenclamide 
group, j. PCNA staining of paclitaxel group. 



MMP9 mRNA expression among the treatment groups 

After extracting total mRNA from fresh tumor tissues 
taken from the control and treatment groups the concen- 
trations were determined by UV spectrophotometer. Re- 
sults of electrophoresis in 1% agarose gel showed that the 
mRNA had no obvious degradation. After performing 
real-time PCR the products were separated by 1% agarose 
gel electrophoresis. The MMP9 product was about 86 bp 
and the optimal annealing temperature was 64.2°C. Re- 
sults of real time PCR demonstrated that the mRNA 



expression of MMP9 in the treatment groups was de- 
creased compared with the control group. This trend fol- 
lows what was seen with MMP9 protein expression. 
There was statistical significance for MMP9 (P = 0.021) 
mRNA levels among the groups (Table 2). 

Discussion 

Breast cancer is one of the most common malignancies 
in women. With morbidity increasing worldwide, breast 
cancer has become a significant threat to human life 



Table 1 Comparison of the mean percentage of cells staining positive for MMP9 and PCNA among the treatment 
groups (x ± SD) 



Group 


n 


MIV1P9 




PCNA 




DMSO 


10 


0.631 2 ±0.1 527 




0.91 56 ±0.1 022 




CoCI 2 


10 


0.6028 ±0.1 337 




0.8833 ±0.1 857 




glibenclamide, 


10 


0.5711 ±0.1637 


F = 324.5 P = 0.00687 


0.901 7 ±0.1 772 


F = 187.6^ = 0.0348 


CoCI 2 + glibenclamide 


10 


0.2856 ±0.1 234 




0.5289 ±0.1403 




paclitaxel 


10 


0.3451 ±0.1956 




0.6574 ±0.1 945 
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Table 2 Comparison of the mRNA expression of MMP9 



among the treatment groups (x ± SD) 



Group 


n 


MMP9 mRNA 




DMSO 


10 


1 .320 ± 0.0524 




CoCI 2 


10 


0.881 ±0.0723 




glibenclamide 


10 


0.941 ±0.0948 


F = 447.86 P = 0.021 


CoCI 2 + glibenclamide 


10 


0.481 ±0.0685 




paclitaxel 


10 


0.424 ±0.05 17 





[16]. In China, the incidence is now 21 cases per million 
women [17,18]. Breast cancer survival rates indicate that 
this cancer is one of the most malignant tumors in 
major metropolitan areas in China [19]. Surgery accom- 
panied with chemotherapy is currently the main treat- 
ment strategy for breast cancer [20]. 

TA2 mice have a high incidence of spontaneous breast 
cancer without chemical stimulus. The morbidity of spon- 
taneous breast cancer in parous female TA2 mice is 84.1% 
within an average of 280 days after birth [21], Previous 
studies confirmed that TA2 spontaneous breast cancer is 
associated with MMTV infection and pregnancy-associated 
hormones, a combination that induces p53 gene mutation 
and results in the initiation and development of breast can- 
cer [22]. Here normal TA2 mice injected with TA2 spon- 
taneous breast cancer cells were used to compare the 
efficacy of combined treatment with CoCl 2 + glibenclamide, 
agents that simultaneously cut off nutrition and oxygen. 

Tumor hypoxia is well recognized as a major driving 
force behind many tumor biological behaviors including 
growth, metabolism, angiogenesis, metastasis, invasion 
and apoptosis [23,24]. In some advanced tumors, hyp- 
oxia can be used as a tool to decrease tumor growth. 
Pilati and Guadagni et al. [2,3] reported a type of therapy 
called hypoxic antiblastic stop-flow perfusion (SFP) that 
can be used as a treatment option for patients with lo- 
cally advanced tumors [25,26]. CoCl 2 has been used in 
the treatment of anemia and it is known to activate hyp- 
oxic signaling by stabilizing HIFla. CoCl 2 can also acti- 
vate hypoxia-mediated signaling pathways aberrantly 
under normoxic conditions by stabilizing cytosolic 
HIFla [27]. This type of deviation effects long-term hyp- 
oxia because cobalt is a metal ion that is not easily 
cleared from tumor tissue. Glibenclamide is a drug 
widely used in clinics for the treatment of type 2-diabetes 
that specifically blocks Katp channels [28]. Different sub- 
types of potassium channels have been shown to be in- 
volved in normal and malignant cell proliferation [29]. 
Some of these potassium channels are overexpressed in 
tumors. Other reports have described the antiproliferative 
effect of glibenclamide in different neoplastic cell lines 
through the blocking of the Katp channels [30,31]. Fur- 
thermore, Glibenclamide can bind to the sulphonylurea 



receptor (SUR1), a member of the ATP-binding cassette 
(ABC) protein superfamily, and block the activity of nu- 
merous ABC transporters including the P-gp multidrug 
transporter involved in anticancer drug resistance [32]. 

TA2 mice with tumor xenografts were treated with 
CoCl 2 and glibenclamide to study the combined effect of 
blocking both nutrition and oxygen. Results of our study 
show that the combined blockage of nutrition and oxy- 
gen can effectively inhibit tumor growth, proliferation 
and invasiveness. PCNA plays an important role in nu- 
cleic acid metabolism and functions as an accessory pro- 
tein in DNA synthesis in the S phase [33]. PCNA can 
interact with cellular proteins involved in cell cycle regu- 
lation and checkpoint control [34]. PCNA immunohisto- 
chemical staining confirmed that the mean percentage 
of positively stained cancer cells was the lowest in the 
group treated with CoCl 2 + glibenclamide compared to 
the other groups. MMPs play important roles in the in- 
vasion and metastasis of tumor cells. MMPs can degrade 
the extracellular matrix (ECM) and release activated 
growth factors to promote invasion and metastasis [35]. 
So far, more than 20 kinds of MMPs have been reported. 
MMP9 is one of the most important proteases and can 
degrade collagen IV and most of the components of 
ECM. It has been reported that there is high expression 
level and activity of MMP9 in many epithelium-derived 
malignant tumors including breast cancer [36]. The ex- 
pression and secretion of MMP9 are regulated by 
MMP2, another member of the MMP family [37]. Im- 
munohistochemical staining showed that the expression 
of MMP9 in the control groups was significantly higher 
than that in the CoCl 2 + glibenclamide and paclitaxel 
groups. Moreover, the tumor cells that stained positive 
for MMP9 were mainly distributed in the margin be- 
tween tumor tissue and skeletal muscle. In the center of 
the tumor masses we observed a low number of posi- 
tively stained tumor cells. This phenomenon of MMP9 
expression at the tumor edge has been called the "infil- 
tration striker" and it facilitates infiltration of the tumor 
cells through the basement membrane and formation of 
distant metastases. 

Nutrition and oxygen are important for sustaining the 
growth and development of cancer cells [38]. Poor nutri- 
tion and oxygen deficiency will hinder rapid proliferation 
of tumor cells. Here we describe the effect of combined 
treatment with CoCl 2 and glibenclamide on TA2 breast 
cancer xenografts that resulted in inhibited growth and 
invasion. Further studies are needed to investigate the 
mechanism involved. 

Conclusions 

Combined treatment with glibenclamide and CoCl 2 in- 
hibits TA2 spontaneous breast cancer growth and inva- 
siveness with effects similar to paclitaxel. 
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